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WIITD-TUKFEL I1TV3S'.:IGATI01T Or PES?0EAT3D SPLIT FLAPS 
FOB USE AS BRAKES OK A TAPERED NACA 23012 AIRPOIL 

NA 3y Paul E, Purser and Ihomas R. Tv.rnar 

Aero.lynamic cli:M-*ac t ori s t i cs of a taperel ITACA ;35012 
air::-oil with r,ingle and do-able perforated split flaps 
havG been determined in the NACA 7- by lO^-foot wind tun- 
nel ^ ryrianUc pressure surveys we-e mado behind the air- 
foil a.t the approximate location of the tail in order to 
determine the exteut and location of the vrako for several 
of the flap arrangenents a In addition, computat ionr. have 
been Dado of an ai^plncatlon of perforated double split 
flaps for use as fighter brakes ^ 

Tho results indicated that single or double perforat- 
ed sp:.:it flaps mc,y be used to obtain sa t i sf ac t ory'' di 7 e 
control without undue buffetin;?: effects and that single 
or do Tble perforated split flaps may also be tised as 
f i -^h t c r brake s 0 

5;he perforated split flaps had approximately the 
same effects on tho aerodynamic and rrako characteristics 
of the taporod airfoil as on a comparable rectangular 
airfoilo 

lUTHODUCTIOlI 



The ITAOA has undertaken an extensive investigation 
for the pu^rpose of doveloping devices suitable for limit- 
ing the diving speeds of airplanes « As a part of this 
investigation a stuiy has been made of test results ob- 
tained during the development of devices designed primari- 
ly for other purposes, such as high lift or lateral con- 
trol, but which may also be u.scd for dive control. The 
slot-lip aileron combined with a full-span slotted flap is 
one of those dual-purpose devices, and data for its use 
have been presented in rofcrcnco 1, A study was also 
made of a large amount of uncorrelated data on various 
airfoil-flap combinations from tests previously made for 
the 3ureau of AoronauticSo This study indicated that per- 
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f orated rioublo split flaps would -^^ive the desired charac- 
toristics for iisa as divo-'contrcl devicost i^olloiTing 
tliiG stndjTj, an investigation Tvas niado of several arran^-^ic- 
monts of sin^^io and double split flaps on a roctan^iular 
NAOA 23012 airfoil (reference 2) to detorrrinc in raoro do- 
tail tho aerodynaiaic and wake characteristics of those 
devices in order that designers mi;?:ht raoro closel/ uvaluate 
their effects on the performance of conplete airplanes, 
Tho pronont to'^^ts v/oro Liado to dotcrnino tho aer od^nainic 
and uake charac t eri t icG of soao of the single and" double 
split-fAap arrangononts on a tapered lUCA 23012 airfoil. 



APFAHAuJUS AND T3oTS 
Llodol 



The airfoil model used (fig. l) was of laminated mahog- 
any bui't to the >TACA 23012 profile^ The model was tapered 
3 to 1 :.n pi:.n fcrm v/ith a span of 60 inche;:; and an aspect 
ratio of CcO. Tne trailing ed^^e of the model T7as straif;ht 
and the mazijrim ixppcr'-surf ace ordiuates of the varior.s sec- 
tions wore in one plane.. The perforated split flaps were 
made of ;jliee-G steel and had a chord of 2 inches (20 per- 
cent of the airfoil mean geometric chord) « The perfora- 
tions in the flaps wore symmetrically spaced circular 
holes (sec flap detail, fig, 1) ana removed 33,1 percent 
of the original flap area,. In order to facilitate partial- 
span-flap tests each flap was made in ten equal segments, 
each segment having a span of 20 percent of the airfoil 
semispan^. The C:egmonts on each semispan were numbered 
from 1 to 5 profcrcss ively from the plane of symmetry out- 
board to the airfoil tipo Split-flap deflections wore 
measurod with respect to tho airfoil surface at the hinge 
point and the f:ap between tr.e airfoil surface and the 
flap was sealed with modeling cJ-ay^ 



. 7ind Tunnel and Equipment 

The tests were made in the HACA 7- by 10-foot closed- 
thros^t wind tunnel described in references 3 and 4, Tho 
wake surveys were made with a rake of eight 3/8-inch diam- 
eter pitot tubes spaced 2 inches apart. The rake ^ras ad- 
justable so that dynamic pressure could be recorded o.t 1- 
inch intervals along a vortical line 27 inches long which 
was located 30 inches (3.0c) behind the quarter-chord 
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point of the airfoil mean aerodynarai c c-iord and 5 inches 
(0o5c) tj the right of the x^lano of sirmiaotry ^ Thin posi- 
tion Tvas "believed to he representative of the location of 
the hinge line and Tnidpoint of the semispan of the hori- 
zontal tail surfaces of airplanes on which divc-control 
devicos rronld oo used. The ratio of the dynaniic proscares 
in the wake to the d;^/'na^ic prcrisuroG at the sai:iG points 
vjith the nodcl romovod (siipport strut in place) was deter- 
mined iron readings on an inclined- tulre alcohol manometer* 
Figure 2 is a thr ee-qr.ar tor roar viaw of the uodei raountod 
in the wind tunnel « 

Tests 

5'.^5..ji„eondi.A^vPns The dynanic pressure maintained for 
all tests was i5nC>'7 pounds per scuar.3 foot^ which corre- 
sponds to a velocity of ah out 30 miles per hour under 
stand-ard soa-lerel corxditions and to an average test 
P.eynoids numfcor of 609^000 hased on the moan geometric 
chord of the j3odol (10 inc)o 

'^.^s ': -nr ocedure o- The test,-? consisted of the deterni- 
natic'i of the lift, drc^g, and pi\ chin^-mouien t coefficients 
and ol the wr.ke characteristics for Vcarioun ar riangemont s 
of the flaps o Double split flaps wore located 20 percent 
of the mean gcciiaotric chord from the airfoil trailing 
edge and single split flaps (lower surface) were located 
on the line of the 50-percon t-chord stations of the air- 
foil sectionso The forces and moments were determined at 
intervals of £^ throughout the angl o- of -a t tack range from 
"below soro lift to a"bovo ma::imum lift. The wake surveys 
wore made at intervals of 4^ throughout the same angio-of- 
attack range o 

17o tests were made with the flap perforations covered 
since the data in reference 2 showed that while covering 
the perforaticns increased the drag coefficient, it also 
caused a very unsteady condition of the model. 



HZSULT3 AIID JIS CUS S 1 017 



In tne presentation of results the follov.^ing symbols 
arc used; 

Oj lift coefficient, L/^„o^ 
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Cj irag coefficient 5 ^/^q^ 

C.j_ pi tching^inouent coefficient about the qiiartor- 
'^/^ chord point of the airfoil mean acrodrnamic 
chord, m/q^cS 

^/Q-o dr/namic rrcssiiro ratio 

whore 

L lilt 

D . drag 

m pitchin,:; mouont 

q dynamic prosmirc at point in T7ako, 1 p 7^ 

avorago dynamic pressure for air streaia, 
i P ^o' 

c airfoil lioan gcoiaetric chord 

c airfoil mean aerodynamic chord, chord through 
centroid 01 area of r.irfoil serjispan 

c^- flap chord 

S airfoil area 

"b airfoil span 

h^^ flap span 



an( 



a angle 01 attack 

upper- surface spli t«f lap dei lect i on 
5^^ lo'.Ter-^surface split-flap deflection 



5-. 



The suoscript refers to the characteristics at zero 

lif to 

Since the s'appcrt strut interference and tares rcro 
relatively small, these corrections were applied only to 
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tlao plain airfoil data. The standard jet-toundary correc- 
tions T7Uicli wore applied to all tlio force-test data aro: 

Aa° = 5 I Cx 57.3 

-•^i C 

where C is tiie jet cross-sectional area« A value of 
6 = O0II35 for tiie closod-tiiroat wind tunnel ^ras used in 
correcting the results^ It should tc noted that due to 
the various span-load distri out ions of the airfoil Tvith 
the various split-flap arrangements, these corrections 
are not strictly a;;;piicaDle to all tho data. ITo correc- 
tion for tunnel efioct has "boon applied to the wake loca- 
tion* •This correction io small because of the relatively 
small xnodcl used© 

Double Split Flaps 

The aerodynamic and wake characteristics of a 60-inch 
span S-to-l tapered I\ACA 23012 airfoil with double split 
flape located 0r20c froni the airfoil trailing edge are 
presented in figures 3, 4, and 5o The aerodynamic charac- 
teristics are presenT;ed as curves plotted against lift 
coefficient; and the wake characteristics are shown as 
curves of dynamic pressure ratio, o/^q^ plotted against 
distance above and below the c::tcndcd chord line of tlao 
root section of the airfoil, She method of presenting the 
wake characteristics is illustrated in figure 4, Tho 
double split flaps had practically the sanie effects on tho 
aerodynamic and wake characteristics of the tapered air- 
foil as they had on those of the rectangular airfoil of 
reference 2« The wake surveys were made of selected rer)- 
resentative arrangements based on the results of reference 
2 and the data presented are sufficient to show the wake 
characteristics of all arrangements* 

Since the aerodynamic characteristics at and near zero 
lift were considered of particular interest to the de- 
signer, t:ie results from figures 3a and 5a were plotted 
against flap span in figure 6, ICeither flap span nor air- 
foil plan form had a marked effect on the pi t ching-momen t 
coefficients or angles of attack at zero lift. The drag 
coefficients obtained with center-soct ion double split 



flaps were practically tlxe sane for "both the tapered air- 
foil and the rec tangv!],ar airfoil of reference 2, cut the 
tip-section flaps gave higher drag coefficients on the 
tapered airfoil than on the rectangular airfoil. On both 
airfoils the center-section flaps allowed higher available 
inajciiri'a.;a lift coefficients than the tip-section flaiDs ex- 
cept for one \mexplaaned instance (60-porcent-span flaps, 
figo 5)0 The diffcronco bet^Toon the maximiin lift coeffi- 
cients obtainable with the center- and tip-section flaps 
was less for the tapered airfoil than for the rectangular 
airfoil of reference 2o 

Single Split Flaps 

The aerody-arnlc and rake characteristics of a o-to-1 
tapered 17ACA 23G12 airfoil with lo':Ter-.surf ace perforated 
split flaps located on a line through the 30-per cent-chord 
stations of the airfoil sections are shown in figures 7 to 
The Ufe of these flaps produced the same large decrease in 
angle of attack for t^oro lift on the tapered a,irfoil as on 
the r CO ^angular airfoil of rofcre-^ice 2c C-inco the acrody-^ 
namic ::L.arac t eri st ios at and near [^^oyo lift were consid- 
ered of particular interest to the designer, the results 
of firc^ix'os £ and 9 were rcplottod aga.inst flap span in 
figure 10^ 

In view of the agreement shewn between the tapered 
airfoil tests and the r oc tangula^r airfoil tests of refer- 
ence 27 the two sets of dc.ta together should afford suffi- 
cient information for the prediction of the performance 
of perforated split flaps when used as dive brakes^ 



riving Speed 

The relationship bet^-een dra;?' coefficient, wing load- 
ing, and indicated velocity for an airplane in a vertical 
dive is shown in fif^ure 11c ]?or other diving angles, the 
velocity given on the cnart should be multiplied by the 
square root of the sine of the diving angle, referred to 
the horir^ontal. Prom this chart, the data in figures 3(a) 
through IO5 and the data in figures 3(a) through 21(a) of 
reference 2, it may be shown that the use of full-span 
perforated double split flaps would probably limit to 200 
miles per hour the indicated diving speed of an airplane 
with a ..'ing loading of 35 pounds per square foot and lim- 
it to 250 miles per hour the diving speed of an airplane 



'Tith c?. loading of 55 ponnds per square foot. Corro- 

spending values olDtained nitli the use of perforated sin- 
gle split flaps are: 200 ziiles per hour for a Yii:a(; load- 
ing of 50 pounds per square foot, and 250 miles per ho"ar 
for a rzing loading of 45 pounds per square foot. 

Fighter Brakes 

In addition to the need for devicer, T-hich will reduce 
the diving speeds of airplanes ^ it appears that a need 
has arisen for some device which will t einpora.r ily reduce 
the speed of attacking fighter aircraft in order that the 
pilot will have more time for firing. Some of the require 
mcnts which a fighter orako should meet are: littlo or no 
change in the attitude of the airplane with filled controls 
sufficient increase in lift coefficient during opora.tion 
of the brakes to maintain level flight as the speed is re- 
duced, and enough incrocisc in drag coefficient to deceler- 
ate the airplane within a reasonable tirao after the brakes 
are appliedo 

An application of fighter brakes to an airplane with 
a wing loading of oO pounds per square foot has been com- 
puted by an appr oivima t o , step-bv~3tcp mothcdo The arrange 
ment used was the full-span perforated doi'blc split flaps 
located at OeSCc on the rectangular I'ACA 23012 airfoil 
(figo ^ \^^) 9 reference 2) o It was assumed that both the 
upper- surf ace and the lower-surface flaps were deflected 
to 50^ within 1 sceond. and then the upper-surface flap 
remained stationary while the lower- surf ac e flap was de- 
flected to 60"^ in such a manner as to afford sufficient 
increase in lift coefficient to maintain level flig'it at 
the reducod speeds without a change in angle of attack. 
Although maintaining a constant power output of the engine 
woiild slightly decrease the effective drag increment and 
increase the time required to slow down, this effect was 
neglected in order to simplify the problem. 

The results of the computations are given in figure 
12, ?/hich shows ctirves of speed; lift, drag, and pitching- 
raoment coefficients; angle of attack; flap deflection; 
and acceleration plotted against time. As is shown in 
figure 11, the use of full-span perforated double split 
flaps should reduce the airplane speed from 300 miles per 
hour to 176 miles per hour in about 8 seconds, with a 
negligible change in angle of attack and a change in wing 
pi tching-mement coefficient of only -0*0o. It should be 
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noted that at the end of the 8 seconds the airplane still 
has a deceleration of about 0.6g and in order to continue 
in level fli,<^ht the lift coefficient roust bo increased by 
an incroaso in an^lo of attack or by a docroase in the 
u.ppcr-surfaco flap deflection (which would also docrcano 
the dra/:^ coefficient and decclerat ion) « 

The effect of the flaps on the pi t chin.s-niomen t coeffi 
cient due to th^ tail should bo doterrained on a coiiiploto 
model of any proposed in talla t i on „ Also a noro coi:iploto 
dot crrfiina t i on should bo r;ado of the variation of lift and 
drag coefficients vrith flap deflection, since the lift and 
drag data used in computing the characteristics shown in 
figure 12 were taken from curves drawn between 5^ - 30° 
and 5-^ = 60° with no in t errncdia to points© 

In using double split flaps as fi-hter brakes, the in 
itial acceleration of i.ig could be reduced by decreasing 
the initial 30° flap deflection or by reducing the rate of 
deflection and using a differential bet-jeen the two fla-os, 
so that the greater deflection of the lower-surface flap 
would supply the lift coefficients needed to n:aintain a 
constant angle of cUtacho 

It also appears possible to use lower-surf aco perfo- 
rated split flaps located near the wing leading edge as 
fighter brakes if a soiiiewhat lower decoloration and soao 
change in the attitude of the airplane is considered ac- 
cept able ^ 

Operating Torces 

A largo amount of data has boon published on the 
hinge-moi-,cnt characteristics of various split-flap combi- 
nations, some of which arc prosontod in references 5 to 8; 
and the hingo-momont characteristics of a slot-^lip aileron 
for use as a dive brake when combined with a full^span 
slotted flap arc presented in reference 1, Comparatively 
little is known, however, about the effects of flap per- 
forations or of various methods of operation on the forces 
required to dofloct split flaps ^ Some work has boon done 
in England on various methods of operation of split. flaps 
(reference 9) and brief mention is made of the loads to be 
expected on dive brakes in a report of some Grcrman re- 
search (reference 10). The dive brakes of reforcnco 10 
wero slats placed normal to the airfoil sn.rface rrith a gap 
between the airfoil and the slatso Pressure di s t r ibut i orr. 
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i 

tests ca these slats indicated that the load on the slats 
was about 75 percent of the drag increase and that the 
distrihuGion of this load on the slat was approximately 
rectang-»ilar o 

Additional research is recommended on the effects of 
perforations and method of flap operation on the hinge- 
moment characteristics of perforated split flaps. 



C017CLUSI01TS 



The results indicated that single or double perforated 
split flapi: ma7 oe used to oot:iin satisfactory dive con- 
trol without undue buffeting effects and that single or 
double perforated .:?plit flaps may also be used as fighter 
bralce-s ^ 

The perforated split flaps have approximately the same 
effect>3 on the asi-odynamic and wake characteristics of the 
tapered airfoil as on a ccmparablo rectangular aiifoil^ 

Langley L'omorial Aeronautical Laboratory, 

ii'ational Advisory Committee for Aeronautics, 
Langloy .^iold, Ya » 



10 



REFER.EtTCES 



1. Rogallo, F» M« : Aerodynamic Characteristics of a Slot-Lip 

Aileron and Slotted' Flap for Dive Brakes. NACA ACR, 
April 19lil. 

2. Purser, Faul E. , and Turner, Thomas R. s Wind-Tunnel Inve r.tigation 

of Perforated Solit Flaps for Use as Dive Brakes on a Rec- 
tangular llACA 23012 Airfoil. NACA ACR, July I9UI. 

5. Harris, Thomas A,: The 7 hy 10 Foot Vvind Tunnel of the National 
Advisory Committee for Aeronautics. NACA Ren. No. [1.12, 1931- 

Ij.. Wenzinger, Carl J,, and Harris, Thomas A.: Wind-Tunnel 

Investigation of an NACA 25012 Airfoil with Various Arrange- 
m.onts of Slotted Flaps. NACA Rep. ITo. 6G4> 1939. 

5. Weick, Fred E., and V/ensinger, Carl J.: Wind-Tunjiel Research 
Comparing Lateral Control Devices, Particularly at High 
Angles of Attack. XII - Uoper-Sur face ^lilerons on V'.'ings v/ith 
Split Flaps. NACA Ren. No, 14-99, 193i-i- 

6» Won2.inger5 Carl J.s Wink-Tunnel Measurements of Air Loads on 
Split Flaps. Nr.CA TN No. I4.985 1951'-. 

7« Wenzinger, Carl J.: Pressure Distribution over a Clark Y-H 
Airfoil Section with a Sr^lit Flap. NACA TN No. 62?, 1937. 

8. Wenzinger, Carl J., and Rogallo, Francis M. : Re''sum:e of Air- 
Load Data on Slats and Flaps. NACA TN No. 69O, 1939* 

9» Irving, H» B., and McMillan, G« Ac : Some Experiments on the 
■Ralanoing of Vving Brake Flaps. R. & M. No. Ibcii, 
British A.R.C., 1939- 

10* Jacots, Hans, and Wanner, Adolf: DPS Dive-Control Brakes for 
Gliders and Airplanes; and Wanner, Adolf: Analytical Study 
of the Drag of the DPS Dive-Control Brake. NACA TK No. 926, 
I9I4-O . 



NACA 



Fig, 1 




F/^uR£ /.- The J * / ^apcrf^d A^/^cA 2 30/ 2 cf/rfo// w/th 0. 20 c 
p^tfotafed split flaps^ Petforc(i}on% romove 
percent of ^ne original flap area. Airfoil span^ 60 inches) 
mean geotoe^r/o chorof^ fOfn^j mean (^eroc/ynQ/7)/c 
chord. I0.833lnch^:s. 
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Figure 2.- Three-quarter rear view of the 3'1 tapered NACA 23012 airfoil 
with 0.20c, 80-percent-span tip section perforated double 
split flaps mounted in the NACA 7-by 10- foot wind tunnel. 



Fig. 3a 
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Lift coefficient, Cj^ 

(a) Aerodynamic characteristics. 



Fifliire 3 rff^^* ^ n o.^ Aeroaynamlc characteristics. 

Figure 3 U).- gf^«|%°,Vihe^??fou\'rLnn'"^"-^T'°2 P"^-**«<1 <lo-fle spH* fUpa located 
airfoilf 5f*flo°J Sf^eo^ ^ * 60-inch span 3:1 tapered NACA 23012 




(b) Wake characteristics. 
Figure 3 (b).- Effect of 0.20c 

partial-span 
center-section perforated 
double split flaps located 
0.20c from the airfoil trailing 
edve of a 60- inch span 3:1 
taoered NACA 23012 airfoil. 
6fu,60O; 6fL,60o. 




-3.0c 



Chord //he, section 0.50c 
I from plane of symmetry 

.'Root chord line 



-L50c 



Figure 4.- Wake characteristics of a 60-inch span 3:1 tapered NACA 23012 airfoil. 





Fig. 5a 
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Lift coefficient, Ci 
(a) Aerodynamic chaxacteriatics . 
Figure 5 (a).- Sffect of 0.20c partial-apan tip-aection perforated double split flaps located 
0.20c from the airfoil trailing edge of a 60-incii span 3:1 tapered NACA 23012 
airfoil. 6fu,60°; 6fj^,60°. 
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(b) Wake characterirtic^^. 
Figure 7 (b).- Effect of a 0.20c 

full-Bpan lower- 
purface perforated single split 
flap located on a line through 
the 30-percent-chord stations of 
the airfoil ?ection^ of a 60- 
inch span ,"5:1 tapered NACA 23012 
airfoil. bf^,60^. 
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(b) Wake characteristics. 
Figure 5 (b).- Effect of 0.20c 80-percent- 
span tip-sec.tion perforated 
double split flaps located 0.20c from the 
airfoil trailing edge of a 60-inch span 
3:i tapered NACA 23012 airfoil. 
6fu,60O; 6fj^, 600. 
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Figure 6,- Iffect of flap span on tone of th« aerodynamic characteristics of a 60-inch 
spaa 3:1 tapered NACA 23012 airfoil with O.dOc perforated double split flaps 
locatad O.aOc froa the airfoil trailing edge. 6fu,60°; 6fL,60®. 
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Lift coefficient, 
(a) Aerodynamic characterietict . 
rigure 7 (a).- Effect of a 0.20c full-gpan lower-surface perforated single split flap located on a 

line through the 30-percent-chord stations of the airfoil sections of a 60-inch 
span 3:i tapered HACA 23012 airfoil. 



NACA Fig. 8 




Figure 8.- Effect of 0.20c partial-«t>»n lower-surface center-eection perforated eingle split flapa 

located on a line through the 30-percent-chord stations of the airfoil sections on the 
aerodynamic characteristics of a 60-inch span 3:i tapered HACA 23012 airfoil. 8f^,60°. 



NACA Fig. 9 
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Figure 9.- Effect of 0.20c partial-span lower-surface tip-section perforated single split flaps 

located on a line through the 30-percent-chord stations of the airfoil sections on the 
aerodynamic characteristics of a 60-inch span 3:i tapered NACA 23012 airfoil. 6fT ,60°. 
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Figure 10.- Effect of flap span on some of the aerodynamic characteristics of a 60-inch span 3:1 

tapered NaCA 23012 airfoil with 0.20c lower-surface perforated single split flaps 
located on a line through the 30-percent-chord stations of the airfoil sections. 8fj^,60 . 
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Figure 12.- Computed time-history characteristics during deceleration of an airplane equipped with 
fighter brakes consisting of 0.20c full-span perforated double split flaps located 
0.80c from the wing leading edge. 



